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Abstract: To control the errors caused by the frequency fluctuation and non-synchronous
sampling in measuring mean parameters of the quasi-periodic signal, the window function is
represented by combined cosines, and a window function design approach for precisely measuring
mean parameters of the quasi-periodic signal is proposed here based on harmonic characteristics of
the periodic signal spectrum. Firstly, effective conditions for a combined cosine window and
flatness criteria for its optimization design are derived respectively on the basis that the
measurement error is zero in the case of synchronous sampling and is insensitive to non-
synchronous sampling. And then, the equations for the coefficient of the combined cosine window
are created with the constraint of flatness criteria. Finally, these equations are solved to

determine the coefficient, thus optimizing the design of the combined cosine window. By
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windowing the signal with the optimized combined cosine window, it can minimize the leakage

interference between harmonics and significantly reduce the measurement error of mean

parameters. Widely used rectangular convolution windows are analyzed for optimality based on

the flatness criteria, and the analysis results show that the spectra of all these windows are

equally flat at each signal harmonic frequency. The numerical simulation of typical signal RMS

measurement shows that when the signal frequency fluctuates within =10%, compared with the

rectangular convolution window of the same width, the measurement accuracy is improved by

more than 11 times and 27.5 times respectively after using the optimized combined cosine

windows with the widths of 2 and 3 signal periods.

Keywords: parameter measurement; non-synchronous sampling; spectral leakage; rectangular

convolution window; combined cosine window
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